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The equation used is written v = 5 +by +cz. In  which 
v is the variation of the minimum temperature from the 
evening dewpoint; b is the evening relative humidity, 
and e is the square of the relative humidity; z, y, and z 
are the three unknowns, which are evaluated from three 
normal equations which are readily written by the star 
point mcthod, after the data have been properly chartsecl. 

The results arc remarkably accurate. The studies 
show that the minimum temperature can be closely 
predicted in the orchard at considerable distance from 
the observiiig . station; that the hygrometric observa- 
tions made at noon may be used quite as well in some 
instances as those made in tlie evenmg, and that the 
equation will sometimes apply as well to cloudy as to 
clear nights. 

DISCUSSION. 

Prof. H. J. Cos remarked that the cranberry marslies 
of Wisconsin showed extraorili~~arily low tempratures, 
considering the high humidities, u-Iiich conditioii he as- 
cribed to tlie shallowness of the inoist blanket of air. 

Proj. 1V. J. Hwrn.ph.rcys told of a case wliere, in order 
to protect his orcliard, a farmer had driven his cattle ard 
horses hack and forth through the orchard, and the ani- 
mal heat was sufficient to protect the trees against frost. 
This has the double advantage of supplying lieat a t  mod- 
erate temperature in such a manner that it-will not rise 
quickly above the trees, and of stirring the au. 

FORECASTlNa FROSTS. 

By B. A. KEEN. 
[Discussed by J. Warren Smith. 

(Nature, Jan. 1.1920. p. 4 3 . )  

The author refers to different methods of frost protec- 
tion and minimuni temperature forecasting. Under 
frosts the writer says: 

Up to the present, no complete correlation has been made of frost in  
any articular locality and its causes. For this purpose an exam& 
-tion Ry statistical methods of a series of continuous ol~servations (of 
the autoniatic recording type) of meteorological factors is needed. The 
published papers deal usually with one factor. such rn dewpoint or 
air temperature, and the number of daily observations made is small. 
This is due. no doubt, to the necessity of keeping the cost of a ,paratus 
and working aa low as possihle for the eake of the growers. dowever, 
a general idea of the factors concerned can be obtained from a lmad 
survey of the various papers. 

For several seasons the Weather Bureau ha.s been 
making a careful temperature and frost survey in the 
citrus district at  Poniona, Ca.lif., and the deciduous fluit 
orcharcis nenr E/iedford, Oreg. Very valualde data have 
been c.ollected on teinpcrnture differences as aff ec.ted by 
topography, temperature fluctuations as affected by 
w-iiid movement, chaiiges in the dewpoint during the 
night, radiation with and without a smoke or smudge 
cover, and the temperitture at  different elevations \vIien 
orchard heating is going on. large number of ther- 
mometers have beeii esposed and special long-range 
thermographs kept in use. The radiutioii observations 
have been made with special apparatus used by the Solar 
Radiation Division of the Bureau. The work is now 
uicler the direction of Mr. Floyd D. Young, and tlie 
results will soon appear in print (in Farniers' Bulletin 
1096). 

One important result has been to show that so-called 
smudges are of sinall value as compared wit,h t,lie dry- 
heat method of orchard heating. 

In connection with the forecasting roblem M i .  Keen 
refers to a study by Hellman on the e fF ect of an overcast 
sky on air t,emperatures near the ground. (Preuss. 
Akad. Wiss., Berlin, 35, 1918, p. 806); on various methods 
of predicting the minimum temperatures on radiation 
nights by Smith (ZT. S. MOXTIILY WEATIIER REVIEW 42, 
1914, 573; 4, 1017, p. 403) and some observations by 
Franklin on the cooling of the soil at  night, with s ecial 
reference to 1at.e spring frosts. (Proc. ~ o g t ~ .  ~ o c . ,  E&., 
39, 1919, p. 120.) 

The credit given J. Warren Smit,h in originating the 
median-hour method of predicting minimum tenipera- 
tures should be only in the application of the idea which 
was first noticed by the writ.er in an art,icle by E. A. 
Beals. 

Referring to the study by T. B. Franklin, the writer 
says : 
"As a result of obseryations of temperat.ures i n  the air, on the soil, 

and a t  a depth of 4 inches. Franklin concludes tha.t a prediction of 
frost depends on nssewing the value of: (,1) Average relative humidity 
during the night; (2 )  t.he temperature of a given depth (4 inches) at 
the t.ime of surface minimum t.emperat,ure; ( 3 )  the conrlurt.i>4ts of the 
laver between the assigned depth and t.he surface; and (4) the difrerence 
b6tween t.he surface-Roil minimum and t,hat. of the sir above it. These 
determinatioiis are necessary because: f 1 )  The mdiation from the eoil 
on calm, clear nights is a function of the relative humidity (A. Ang- 
striim, Smithsonian Xsc.  Coll., 66 No. 3); (2) the radiation from the 
soil can be accounted for in balancing the upward conduction and 
the 1at.ent heat of freezing, t.he residue only cooling the soil; and (3) the 
temperature of the surface soil rapidly falls suficiently below the ten- 

ernt.ure of the &inch depth to make the conduction from this depth 
ealance t,he radiation; aft.er this the surface temperature falls no faster 
than that of the +inch depth." 

WlNTER INJURY OF FRUIT TREES. 

By JOSEPH ASKAMP. 

(Abstracted from Circ. 87, 12 p., illus., Purdne Univ. Agr. Expt. Sta., 1818.) 

The severe winter of 191i-lS has caused irreparable 
damage t.o t.housancls of peach a.nd apple orchards in 
Indiana.' The heavicst t.oll R-RS t,aken of the peaches, 
aniountin~ d l  t.he way froiii wry slight or no injury to 
t.he coniplete dest,ruction of entire orcliard tract.s. I t  
semis safe to say t,liat for t,he &ate as a whole t,he 
daniage has cut the bearing acreage of peaches at least 60 
per cent,. The niortdity among young each trees 

that in a short time normal product,ion should be restored. 
'*A part of the acretige where the injury was severe will 

p r c h  Ax not hc. planted again to peaches. This is as it  
sliould be for msny of these locations were not well adapt- 
ec1 to siicii ti tender fruit. while the tree3 in many sucli 
locatioiis were heretofore alde to survive tlie winters, the 
buds or hlossoms were niore comrnoiilg killed than in 
more fuvorable situations. * * * 

* * * "In the case of the apple, the young trees 
from 3 to 14 yeam old suffered the greatat injury. 

which had not yet borne fruit was small, 1 owever, so 

* * *  
1 Driring T?creinber aut1 Jmuar unusuallv severe weather revalled over the treater 

part oftliecoiintryeas! oftlie Roc!& Mountdm erperiall Intyie lenqth of tlmethatlow 
terniteratiires weremuintnined and thelareearhi involved Thecold weathercontinued 
into the tirst part of February In the northeast. 

In Illinois the temperature fell to -23' F. in lkemher and January nnd to -24' 
in Pelrrmry; .A record of -30" was reached in Indiana in Pecember -24' In Jan- 
uary. nnd -& in February. In Ohio the lowestre orted was-31"in heremberand 
--Yo in Janiiary and Fehruar The teinyeratiire re8 to from 40' to 42'balow zero F. 
atanamberof p ~ e s l a t h e p ~ ~ ~ i i d i s t r i c t s o t N e w  Yorkon DeeemberaO andto helm 
-30" diirinc both Janueryand February. (See YONTI~LY WEATHER REVIEW, Dee.. 
1916, 46: 5i0-5Eo )J. I+'. S 
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“Elevation nil! varieties were among the most im- 
A high 

bcation proved to he a dedecl protection for both 
peaches and a ples. * * * * * * 4 t l i e r  fruits are of relntive~y minor im- 

ortmce in lndiann and there we only wolilted cases 
Born which to tlraw information. Pelm have been 
injured somewhat more thnu apple;;. Sweet cherries 
were nest in tendernew to the )each. Sour cherries 
suff ererl no perninnent injury, n though in one 
locution sapwood killing in spots was evident, Tlie p iiniz 
were not quite so hardy a ~ ;  the itpples, escept the American 
varieties, which came through mw$icallg uninjurerl.” 

 lie most severe injury in bot11 the peach and apple 
originated in the trunk ant1 main hraiichcs. This WAS 
undoubtedly due to the de ree of maturity, as these por- 

ortttlit factors in influencing winter injury. 

1 yo; 

tions of the tree would be t 7 ie last to ripen. * * * 

“Aside from elevation and variety, the hardiness of the 
tree was influenced by the growth conditions prevailin 
during tlie summer of 1917; that season was short an 
wet. I t  is probal.de that many trees failed to mature 
their wood properly. Htitl n normal growing season Ire- 

in tlie apple. T l i ~ .  even shoulrl a like winter come again, 
unless it were preceded by a similar growing season, the 
rewlts woulrl not necessarily be tluplicntctl. The chance, 
therefore, of ap le s  lignin winter-killing to a similar de- 
gree are small. 

The hnlnnce of the circular is devoted to descriptions 
of injurim, the hest method3 of caring for the injured 
tree;, ant1 the i11sect.j. nssociatecl with winter injury.- 
J. Ti’[i~rrc~n Smith. 

5 
cetlecl the severe wniter, there might haqe heen no la1 4 ing 

THE WORK OF THE U. S. WEATHER BUREAU IN THE WEST INDIES.’ 

By OLIVER L. FASSIG. Meteorologist. 

[Dated: Weather Bureau, San Juan, P. R., Dee. 1919.1 

During the Spanish-American War the presence of a of the growing imnortnnce of the coniniercial and agri- 
large fleet of our naval vessels in the tropical waters to cultural interests of t,he area, inaugurated a climatological 
t,he south urgently called for special protective measures service, including all of the islands of the West Tndies 
in the Gulf of Mexico and the Carihbean Sea. In June, nnd the adjacent coasts of Cent’ral and South America-an 
1S98, Congress authorized the Weather Bureau to estab- axreit extending from apivosimately longitude 60 to 90 
li& and operate weather-reporting stations at, selected lo- degrees west,, and finni 1at)itude 10 to 25 degrees north, 
cations in the islands of the West Indies and along the ndja- or roughly from Barbados, a t  the estreme east to Panama, 
cent coasts of t,he Caribbean Sen and the ( h l f  of hlesico. xntl froin Curacao, off the nnrth comt of South America, 

While t.he primary ohject of t,he new service was tlie to Nassau in the Bahitma Tslancls. 
protection of the naral forces nf the Unit.ed St,at.es, Clinmtologic~d services of large o r  sninll estent are 
additional arguments were the great,er proter t.ion agliinst maintained in nearly all of the islnads of the West Indies 
loss by storni along our own Gulf coast. and t.lie coast of under t,he su*wvision of their res-ecbive local govern- 
the south Athntic. St,at.es, as 1 ~ 1 1  as the necessity fur ments, hut, i t  is est,rcniely difficult., if not im?>ossible, to 
additional safesguards to the ra!-*idly growing conimerv~nl get acccss to the ohservatioiis niade under s steins not 

Canal. of regular and systenia tic publication of results. 
Skilled observers of the Wenthcr Bureau were located Soon after acquiring possession of the bland of Porto 

at  10 well-dist.ribut,ed 1wint.s within bhe hurricane arm, Rico as n result of the Spanish-American War in 1898, 
with instructions to report weat.lier conditions twice n climatological service of the Weather Bureau was 
daily by cable to Washingt,on from June 1 to Novemb~r innugurated on the Island along lines similar to the 
30, the period during which the severe at.niosl-*hsric cliniat.ologicn1 sections so familiar to all in the States. 
disturbances known as hurricmes may 1m espec t d  to This service hss been niaintnined without interruption 
occur. All reports were cabled t,o Washington head- to the present time, a period of more than 20 years. 
cuarters of the Bureau, wliere the observations were Records of the wedier  are macle nnd recorded daily 
c h nrted, forecasts were pre!mred, and. uw-nings issued at 60 st.nt.ions and published monthly. 
in case of disturbed conditions arising in any portion of Tlie first efforts to estend the climatological service 
the area. to the other islands of the West Indies were initiated 

Soon after our e1it.r-y into the World War steiw were during the present yew. and arrangements have already 
taken by the Chief of the Weat,her Bureau, Prof. Marvin, been complet,ed to establish IS st.ations in our recently 
to increase the number of storm-warning stations within acquired Virgin Islnnds-5 on the Island of St. Thomtw, 
the hurricane area, and to-day the Weather Bureau has 3 on the Island of St. John, ancl 10 on the largest and 
30 stations on the islands of the West Tndies and a h i g  by far the most produckive of the islands, St. Croix. 
the adjacent shores of the Caribbean Sea from which Arrangement.s 1i:ive also been completed to establish 30 
reports are cabled t,o Washington at  E a. ni. a.nt1 S p. in., stations in Haiti, with blie cordial cooperation of the 
Washington time, during t.he hurricane scmon, and a t  Haitian Government rind offici& of the U. S. NaTy. 
which daily records are ninint,nined t,hroughout the yenr. From 30 to 40 stations are planned for Santo Doming?. 
Within the past year the ea.st.ern portion of t.he area, In the islands referred to above the or anizations wdl 
including the Lesser Antilles and Porto Rico-the g a b  be under direct cont.ro1 of the U. S. 6 b? eather Bureau. 
way to the hurricane belt-has heen nisde R separi1t.e As efficient climatologicd organizations already esist in 
forecast district, wit-li Sail Juan, P. R., a.s clist,rict center. Cuba, Jamaica, and the English and French islands of 

The system outlined above was inaugurated and main- the Lesser Antilles. tlie plans of the Chief of the Weather 
tained prima.rily as a storm-warniy orga.nixntioJ1, a ~ ~ l  Bureiiu provide for irit.iniate cooperation with the 
only incidentally as n cliniatolo icnl service. i n  the directors of these foreign services with a view to secur- 

sent fairly the climatological conditions of their respective 
islands. 

interests in tsliese waters with t.he opening of t.he Pannnia in accord in methods and measures, or in t i e absence 

spmg of the present year (1919) 5 rof. Marvin, in view ing a sufficient. number of cooperating stations to repre- 
1 Read at the joint meeting of the Arnericxli Meteorologicnl Society and the Ass+ 

ciation of American Geographors, St. Louis, Dec. 31,1919. 


